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On  the  .\'u»U>er  of  d  Portirlm  HxpiUnl  Cnnrnrrrntly  iritk  rnrh  «  PaHide 

Kinitldl  hi/  I'oloniiim. 

By  \V.  T.  Kkxxkdv,  M.A.,  Tnivowity  of  Ton«ito. 

^'Sfntitl  by  Pnrf.  J.  C.  U<-t4>mMii. 
(Kiml  May  Ki.  1911.) 

A  pritl)lcni  wliich  has  Iwcn  picsfntcil  for  soliitioii  tor  ^i>iiic  linic  in 
connection  with  radiu-acf ivc  t raiisinutatioiis  is  tlic  iiiantifr  in  wliich  the 
nctivp  deposit  panicles  in  radium,  thorium  and  aciiniuni  ucquiiv  th.  ir 
positive  ehar^p  and  in  virtue  of  which  they  are  attroctoti  in  an  olwtric 
field  1o  tho  electrode  which  is  iie;:atively  charged. 

One  inference  whieh  may  In-  drawn  from  some  oluiervationri  on  the 
active  deposits  from  actinium  which  are  recorded  in  a  p.ip.  r  pnldi-hed 
recently  l.y  tlie  writer'  is  that  the  active  deposit  particles  at  the  instant 
of  their  production  are  uncharged  and  that  their  positive  charge  is  ac- 
quiivd  by  contact  with  the  surruunding  ionized  gas. 

This  deduction  may  Ix*  made  from  the  fact  that  when  expu-^uies  aiv 
made  to  the  emanation  in  a  small  chaniiierat  the  lowest  |)r.'s-ure^  ..t- 
tainable  the  amount  of  active  deiM)sit  ohi.iined  on  a  charged  eh'ctroile 
is  practically  the  same,  whether  it  ho  char^cvl  jwsitively  or  nefiiitively 
or  whether  it  he  uncharged. 

The  active  deposit  particle,  it  is  generally  conceded,  is  produced 
V-  the  expulsion  of  an  «  particle  fn»m  the  parent  atom. 

A-i  the  a  particle  ha>  l>een  shewn  lo  cairy  a  i)o.-itive  cliaiuc  of 
two  elementary  units  it  f.illows  that  if  the  active  deposit  particle  is 
uncharged  when  it  is  created,  the  expulsion  of  the  «  particle,  fr«)nt  the 
parent  atom,  nmst  he  accompanied  hy  the  .mission  of  two  deha  par- 
ticles each  hearin^r  one  elementary  negative  unit  of  electricity. 

As  the  expulsion  of  a  jiarticles  from  polonium  is  known  to  lie  ac- 
comp:>nied  by  tlie  emission  of  deha  particles  it  was  thou;;li1  that  if  the 
numlier  of  deha  particles  accomi)anving.()n  the  average  the  expulsion 
of  one  «  particle  from  ))oloniuiii  covdd  l)e  determined  the  result  might 
pos.sibly  throw  .some  light  on  the  prohlem  raised  here  in  connection  with 
the  formation  of  active  deposit  particles  from  radioactive  emanations. 

In  the  follovving  pajier  an  account  is  given  of  some  experiments 
made  in  connection  with  .such  a  determination. 

The  manner  in  which  the  experiments  weiv  carried  out  is  ilhist  rat(  (l 
by  the  diagram  shewn  in  Fig.  I.  A  small  copper  plate  X.  coated  with 
a  thin  dei)osit  of  i)oliiiiium  on  its  anterior  face,  was  connected  with  a 
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quadrant  plrrl miiiHpr  ami  p?(p«)mhI  in  an  itmixinK  <•  '  '  >'r  V-  Thix 
vpiwpI  wh  >h  wait  eyIinUrtral  in  form  wax  15  rnii*.  in  ImKth  ami  12  cnii*. 
'..I  Uam*  \«r. 

*   iIm*  rnnp*  »f  tho  «  pnrtirl(»)«  in  air  nt  ntmoxpliiTic  i)n*«!<tin'  hni* 
l»pcn  nivpti  l»y  <  Ii'iufi*  ii>  :i  'Nti  nns  't  i-^  cIcmi' iliis  airi'liamlM  t 
of  ani|iit>  Kixf  to  iii.oiK- iliat  all  tl:   a  nivi^  i-\|h'IIciI  liy  tlu>  |M)liiiiitim  mi 
X.  WW  nlBwirlnMl  liy  thi'  air  in  it  lieftiro  tlipy  wmlil  n*aHi  itx  whIIk. 

W'itli  tliis  apparal ii»  tin-  lnni/.atiun  ciim'tils  ucic  iiwasiin-il  wiili 
vuiiuu.s  volta)?!'!'  a|)|ilit'il  to  rcrrivfrantl  tin*  result*  of  tlii'i^c  iii(>usiiii>- 
mcnts  an*  r«5iown  l>y  tlio  riirvo  in  Fiji,  II.  From  tlx*  niiin>N>n<  tln'w 
plottci)  it  will  III'  -I'l  l)  that  sat inai  iiiti  wan  uiitatni><i  witli  iM-tw(H'n  'JtUt 
and  -'»<)  volts  applicil  to  tli<  rcccivfr  ('. 

Tiu'  cloctric"'  i'a|>afity  of  lii<  system,  wliicli  liicittiltMl  a  i-otidi-nsiT 
iti  tills  part  of  ill.  nvcstijiatioi  is  tlicii  <it>tcriitini'i|  and  fioni  tlii' 
Itnown  value  of  tlie  satuniioii  ru  it  it  wa.s  easy  to  (leduce,  ussuiuinK 
the  eliaisre  on  an  ion  t(»  In'  |  .c..'.  x  10''"  10,  S,  1',  tlie  nimilH>r  of  ions  made 
in  the  u.'is  pel  >ccuiiil  li\  •  i'  t'li'  «  paiticles  emitted  l)y  tlie  |)<iloniuiii. 

As  tie!)  I  lias  shew  I'lat  the  iiuiiiIk-i  of  ions  iiuule  liy  eae|i  a 
partiele  emit  ■ '  liv  ])iiloiiii.;ii  in  its  passai;i'  throuirli  si  (■(•iumn  of  aii  is 
appro.siiiialely  ii  I'nlli.w^  -incc  the  inimlier  of  imi^  piinjiiccd 

JHT  .sfeoiid  liy  all  the  a  pai'tich's  was  (h-tentiiiiate  thiit  the  iiiiiiiU'i'  of 
a  parlieles  expi  llcil  per  second  by  tlic  sample  of  |HiIoniuiii  used  •••mid 
at  oiici'  lie  calciilali'il. 

When  the  iiuiiiIm'i'  of  a  paiticies  emitted  |M'f  second  at  any  par- 
ticular time  liy  a  satiijile  nf  puloniuin  is  asceitaiiied,  one  is  enaliled  liy 
the  knowi  rate  of  dei'ay  ni  piilonium  to  cah'uhite  tii  ■  inimlier  uf  //  par- 
tidi'.s  omitted  per  second  by  tlie  name  itample  of  polonium  at  any  later 
time. 

After  the  rate  at  \\'  'eh  the  deposit  on  the  copper  plate  X  emitted 
«  panicles  had  Ix-eii  ucterniined  this  plate  was  placed  in  a  secum' 
chamlier  S  made  of  ;ilass  silvered  on  its  inner  surface.  Tlie  lud  which 
carried  tiic  plate  X  Was  suppoited  in  S  liy  a  phi;;  of  eiidiiite  freshl} 
cleaned.  It  was  protected  hy  a  fjuard  tuiie  as  shewn  in  the  Hpm^  and 
was  connected  to  the  fit>e  quadrants  of  the  electrometer. 

To  the  chaml)er  S  there  was  attadied  a  second  plass  tulM"  partly 
filled  with  cdcoanut  charcoal.  This  chamber  S  was  also  connected  to  a 
mercury  pumi)  and  in  this  connection  a  trap  U  was  iiiM'rtiMl  which  en- 
abled one  to  cut  the  pump  otT  and  push  the  evacuation  to  tlie  lowest 
po-ssiljle  limit  by  coolin  <he  charcoal  chainlH>r  with  liquid  air. 


*Geig(  r.  Proo.  Roy.  Soc.  A  82,  p.  480,  July  31,  1909. 
•Oeiger,  toe.  dt. 
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With  this  arrangement  observations  were  made  on  the  eharjjes 
acquired  (when  the  caitli  coiiiicctioii  at  K  was  hrotci'ii  and  ihc  (juad- 
rants  made  free)  by  tiie  plate  N  and  it.s  connections  under  the  inliuenee 
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of  the  radiations  omitted.  Tliis  was  done  with  the  air  in  S  at  a  numlx>r 
of  different  pressturos.  A  sot  of  those  results  for  2'»'0  mm.,  .9.>  mm. 
and  -001  mm  pn  ssiirc  is  iriven  in  Table  I  ami  ourves  which  illustrate 
them  are  shown  in  Viji.  III. 

At  the  pressure  2o'6  mm.  and  5'()  mm.  the  rharRO  acquired  was 
nopitivo  and  in  tho  two  cases  liinitiii-;  potentials  of  approximately.318 
and  -202  volts  respeetively  were  reached. 

The  explanation  of  this  acquisition  of  a  nojtativo  eharfjo  by  tho 
oloctrode  \  was  taken  to  lie  the  existence  of  a  voha  dilTereiice  of  poten- 
tial between  the  copper  plate  and  tiie  silver  linin-iiof  the  ves.sol  S.  At 
the  lower  pressures,  however,  as  may  lie  soon  from  the  curves,  the  system 
a.  ...liied  a  positive  chaijiv  which  as  ."^ii  J..I.  Tiioiiison* has  shewn  is  (hie 
to  the  delta  rays  carryinj;  a  ne^jative  charge  from  the  jxilonium  coated 
plate  in  excess  of  the  positive  charge  carried  from  tho  same  plate,  by 
the  «  rays. 

To  -;et  an  accurate  measure  of  tho  charjio  thus  carried  off  ijy  the 
doha  rays  tho  pressure  was  reduced  in  tho  vessel  S  until  tho  Mclx'od 
aauiiv  attached  to  tiie  iiuiiip  indicated  :t  ])ressiin'  of  •001  mm.  of  mercury. 
.\n  observation  was  tlien  made  on  the  rate  at  wiiicii  the  plate  X  ac- 
quired a  negative  charge.  By  means  of  the  trap  H  the  vessel  was  then 
cut  off  from  tlic  pump,  and  the  nquid  air  was  phiced  round  tiie  vessel 
-M.  .\fter  it  was  certain  that  the  charcoal  had  ai)sorl»ed  as  much  of 
the  remainins  air  as  possible  a  set  of  readings  wiis  again  taken  on  the 
rate  at  which  the  plate  \  char<;ed  up. 

This  rate,  however,  was  found  to  1m>  practically  tho  same  as  that 
obtained  just  before  tho  liquid  air  was  apj)liod,  and  from  tho  similarity 
in  tliese  two  sets  of  readinirs  it  was  considered  that  any  current  in  the 
gas  at  -001  nun.  pressure  ilue  to  ionization  was  negligible. 

The  iiuniliers  jriveii  in  Table  I  and  the  grajjh  representing  them 
may  therefore  bo  taken  to  represent  a  measure  of  tho  rate  at  which  the 
plate  X  emitted  particles  carrjnng  negative  electricity  in  excess  of  those 
emitted  which  carried  positive  charges. 

Since  the  numlx>r  of  «  paiticles  leaving  X  jier  second  w  is  deter- 
mined in  the  first  part  of  tho  investigatiim  it  was  a  simple  matter  to 
calculate  the  rate  at  which  the  delta  particles  were  emitted  and  so  de- 
duce the  number  shot  off  |)ei  «  particle.    Tho  calculation  is  as  follows:— 

f'dlculdtion  I. — Determination  of  number  of  a  particles  emitted 
per  .soconil. 


♦  J.  J.  ThcmwMi,  Proc.  Can.  Phil.  tSoc.  13, 49, 1905. 
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Potential  acquirctl  in  l.S4'ti  sees  by  plate  X  with  saturation  current 

=•75  volts  or  .75/300  E.  S.  Units. 
Capacity  of  electrical  8j'8tcm=241 1  cms. 

Charge  acquired  per  see.  =^•75X2411  X    1        E.  S.  U. 


31)0  ls4-(; 

•7.")X1'U1       I  1 

.  ■  .  Xo.  of  ions  X  X  

300       1S4.6  4.(i.)XlO-'° 

.  ■  .  X,=X().  of     paitifles  = 
emitteil  per  see. 

•75X2111        1  1  1 

=  X  X  X  -133. 

300        184-0   4.65X10-'°  I.(i2xl0* 

Calciilnfion  II.    Determination  of  nnni])er  of  «  panicles  emitted 
per  sccdiul. 

Initial  rate  of  increa.se  in  potential  of  plate  X  and  attached  elec- 
trical sy.stem^.  107  volts  per  hour. 

Capacity  of  elect  lical  system=2()0  lus. 

Po.Mtive  Charge  uequiivd  per  second    ~.107       1      200  E.  S.  U. 

 X  X 

300  3000 

.  • .  Xo  of  Elementary  units  of  Electricity  gained  per  sec. 
=  •107         1  260 


300       3000  4^05XlO-«'' 
=-53170 

Let  Xj  denote  the  numljer  of  delta  particles  Icaviiig  the  plate  N 
per  second,  then  if  each  delta  particle  carried  a  nepitive  eharse  of  4-6  X 
10"»»  E.  S.  U.  and  each  a  particle  carried  a  positive  charge  of  twice 
this  amount  we  have 

X,— 2X,  =53170 

or  X,=53170  +  2X, 
=53170  +  866 
=5403(» 

It  foUows  then  that  ll?=iii2??=i24.8 
N,  433 
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i.e.,  approxiniatoly  12.">  di'ltu  particlos  left  tlic  iKiioniiim  coatod  copiMT 
plate  for  every  «  particle  wliicli  it  fiiiittcd. 

In  soeiviiig  to  interpret  this  result  one  iiiiist  iciiicnilicr  that  in  n  1 
probability  tlu-iv  were  just  as  many  «  particles  shot  1  i;icl\  per  scci iii  d 
into  the  rop])(M-  plate  carryin}!  the  polonium  dei)osit  as  were  ])ioje(  te  d 
forward  away  from  it.  Since  «  rays  are  ivnnwn  to  |>r(>dure  r-ceonilary 
rays  when  they  impin>;e  on  a  metal  it  is  theivf(ue  highly  pro!)al)le  iii;it 
a  very  considerable  portion  of  the  d«'lta  radiation  meas<ued  in  tlie  ex- 
Iieriments  (leserii)ed  above  were  secondary  rays  caus<'d  by  tlu-se  i-e- 
tro<>rade  «  rays. 

It  follows  then  that  liefore  one  can  form  an  estimate  of  the  nu!idH>r 

of  delta  panicles  projected  with  each  '/  ray  from  the  part ii  lcs  which 
are  the  jjarent  atom  of  the  active  deposit  jiarticles  one  must  asc<'rtain 
the  nunilxT  of  deha  particles  projected  as  a  secimdary  radiation  from  a 
coi)i)er  plate,  whiMi  the  latter  is  homharded  liy  one  '/  panicle. 

From  e.xpeiiments  which  are  now  beinj;  made  hy  the  writer  it  is 
expected  that  this  number  will  shortly  l)e  obtained.  It  will  then  1k> 
possible  to  make  an  estimate  of  the  number  of  delta  particles  ejccfd 
concurrently  with  an  «  panicle  in  the  disintegration  of  a  radioactive 
atom. 

In  conclu.sion.  the  writer  wishes  to  e\i)ress  his  sinceii'  thank-  to 
Professor  McLennan  for  his  lielpful  suggestions  and  for  his  inti'rest  in 
the  investigation. 


Ficn. 


a      4a      sa.      124     leo.     200.     240     280.  m 


IHniimALON  Ionizing  Vessel,  (volts) 


